together, these changes increase the internal I/O bandwidth by at least a factor of 8. 
Four Internal buses are used to route these internal I/O lines. Increasing the number of 
I/O lines and then splitting them in the middle greatly reduces the capacitance of each 
intemal I/O line which in turn reduces the column access time, increasing the column 
access bandwidth even further. 




Kindly cancel claims 1-150, without prejudice. 



Kindly add the following claims: 






1 . \p^'<ysn't^few)-A- sy i id i iUMouo intogratcd circu i t dcvico hav i ng a fyomory array wh i ch ■ 



2 incMJes d 



2 ^ incMdes dynamic random access memory cells, wherein the in^grated circuit device 

3 comprises: 

4 a clock receiver to receive an external clock signal; 

5 a plurality of sense amplifiers, coupled to the meijfory array, to sense data from 

6 the dynamic random access memory cells; and 

7 a plurality of input receivers to sample an /Operation code synchronously with 

8 respect to a transition of the external clock Signal, the operation code including 

9 precharge information, wherein, in response tp the precharge information, the plurality 
Hp of sense amplifiers is automatically precharq^d after the data is sensed. 

5 s 

m 

m 152. (New) The integrated circuit device of claim 151 wherein the operation code 

S2 specifies a read operation, and wherein the integrated circuit device further includes a 

= 3 plurality of output drivers to output fjrst and second portions of the data In response to 
the operation code specifying a reafd operation. 

P / 

HI 1 53. (New) The integrated circuit device of claim 1 52 wherein: 

2 the plurality of output^rivers output the first portion of the data synchronously 

3 with respect to a rising edge' transition of the external clock signal; and 

4 the plurality of output drivers output a second portion of the data synchronously 

5 with respect to a falling e^ge transition of the external clock signal. 

1 154. (New) Thye integrated circuit device of claim 153 further including a delay 

2 lock loop, coupled to the plurality of output drivers, to synchronize the output of the first 

3 and second portions of the data with the external clock signal. 
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1 4-55 ^(New) The integrate d rirruit doviro of nlniiTLl5 3 furtheriinc iiiriin g g plnralii y. 

2 of multiplexers, wherein each multiplexer of the plurality of multipLpxers is coupled to an 

3 output driver of the plurality of output drivers. / 

1 156. (New) The integrated circuit device of claim 155^ wherein: 

2 the plurality of multiplexers provide the first portipn of the data to the plurality of 

3 output drivers in response to a rising transition of the efxternal clock signal; and 

4 the plurality of multiplexers provide the second portion of the data to the plurality 

5 of output drivers in response to a falling edge transition of the external clock signal. 

^ 157. (New) The integrated circuit device of claim 151 wherein the plurality of 

g2 input receivers further includes a first input receiver to sample a first bit of the operation 

SJJ code synchronously with respect to the' transition of the external clock signal, wherein 

N4 the precharge information is encoded /n the first bit of the operation code. 

nJ / 

; y / 

q1 158. (New) The integrated/circuit device of claim 157 wherein the plurality of 

2 input receivers further includes ya second input receiver to sample a second bit of the 

3 operation code synchronouslyywith respect to the transition of the external clock signal, 

4 wherein the second bit of tpe operation code specifies a read operation, wherein a 

5 portion of the data is output from the integrated circuit device in response to the second 

6 bit of the operation code specifying the read operation. 

10 



1 1 ^ (Maiju) T il l I i ii l i- . gmtnH Hrniiit rimnrf^ nf rlainr^ jfift whf=^rf ti n th P pIl imlit y-Tlf ^ 

2 input receivers further includes a third input receiver to sapnple address information 

3 synchronously with respect to the external clock signal. / 

1 160. (New) The integrated circuit device of claini 151 wherein the operation code 

2 includes a plurality of bits, and wherein the pluralr^y of bits, in combination, encodes 

3 information which specifies that the plurality of serise amplifiers sense the data from the 

4 memory array. / 

H 161. (New) The integrated circu/ device of claim 151 further including row 

^ decoder circuitry, coupled to the memory array, to identify, in response to a row 

f y / 

m J 

^ address, a row of the memory array /hat stores the data to be sensed by the plurality of 

%j4 sense amplifiers. / 

L|li 162. (New) The integrated circuit device of claim 151 further including column 

q2 decoder circuitry, coupled to/the plurality of sense amplifiers, to identify, in response to 

3 a column address, a portion of the data. 
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1 163: — (Ne w) The integrated circuit device of claim 151 further including a clock 

2 synchronization circuit coupled to the clock receiver, wherein the/clock synchronization 

3 circuit includes: 

4 a delay line to generate an internal clock signal, wherein the internal clock signal 

5 has a delay with respect to the external clock signal; and 

6 a comparator to compare the internal clock signal with the external clock signal, 

7 wherein the delay of the internal clock signal is adjiisted based on the comparison 

8 between the internal clock signal and the external cl/ck signal. 

hi 164. (New) The integrated circuit devfce of claim 163 further including a 

Pd2 plurality of output drivers to output first and second portions of the data in response to 

m 

Rb the operation code specifying a read operaticfn, wherein the clock synchronization circuit 

3 is coupled to the plurality of output drivers to synchronize the output of the first and 

flp second portions of the data with the inte^al clock signal. 



fi 165. (New) The integrated oircuit device of claim 164 wherein the plurality of 

2 input receivers samples the operation code from a plurality of external signal lines of an 

3 external bus, wherein the external bus is used to carry, in a multiplexed format, the 

4 operation code, and the first and/second portions of the data. 
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1 1 66^(^4e w) A syno hfonSus integrated circuit memory device y^cluding an array of 

2 memory cells, wherein the memory device comprises: / 

3 a clock receiver to receive an external clock signal; / 

4 a plurality of sense amplifiers, coupled to the arra/ of memory cells, to sense 

5 data, wherein a portion of the data is output from the memory device in response to a 

6 first operation code bit specifying a read operation; / 

7 a first input receiver to sample the first operation code bit in response to a first 

8 transition of the external clock signal; / 

, 9 a second input receiver to sample a second operation code bit in response to the 
first transition of the external clock signal, wherein the second operation code bit 

s / 

^1 indicates whether precharging the plurality of sense amplifiers occurs automatically after 
N|2 the data has been sensed; and / 

fi3 a plurality of output drivers to output the portion of the data synchronously with 

respect to the external clock signal. 

.M=1 167. (New) The memory device of claim 166 wherein the second input receiver 

2 further samples an addres^ bit synchronously with respect to a second transition of the 

3 external clock signal. / 

1 168. (New) ThB memory device of claim 166 wherein the plurality of output 

2 drivers output the portion of the data onto an external bus, the external bus including a 

3 plurality of externar signal lines. 

/ 0^ 
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1 169. (New) Thp ff^ mory dev i ce of claim 100 w l i erein. 

2 the first operation code bit is sampled from / first signal line of the plurality of 

3 external signal lines; and 

4 the second operation code bit is sampled from a second signal line of the 

5 plurality of external signal lines. 

1 170. (New) The memory device of claim 169 wherein the plurality of external 

2 signal lines is used to carry, in a multiplexed format, address information and the portion 

3 of the data. 

pi 171. (New) The memory dfevice of claim 166 further including a delay locked 

WZ loop, coupled to the clock receiver, to generate an internal clock signal using the 

m 

M3 external clock signal, wherein the plurality of output drivers output the portion of the data 
in response to the internal cfock signal. 

ly 

rUi 172. (New) The memory device of claim 166 further including: 

p2 row decoder circuitry, coupled to the array of memory cells, to identify a row of 

3 the array of memory/cells that stores the data to be sensed by the plurality of sense 

4 amplifiers; and 

5 column decoder circuitry, coupled to the array of memory cells, to identify the 

6 portion of the d^a. 
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1 17^ (New) A -rneihod or operaiion ot a synchronous integrated circuit memory 

2 device, wherein the memory device includes an array of meijiory cells, wherein the 

3 method of operation of the memory device comprises: 

4 sampling an operation code in response to a first transition of an external clock 

5 signal, wherein the operation code specifies a read op/ration and includes precharge 

6 information; 

7 sensing data in a plurality of sense amplifiers, wherein the data is output in 

8 response to the operation code specifying the read operation; 

9 automatically precharging the plurality/of sense amplifiers in response to the 
^to precharge information, wherein the plurality of sense amplifiers is automatically 

3ji precharged after the data is sensed; and 

E I 

ffi2 outputting the data synchronously with respect to the external clock signal. 

^ / 

M 174. (New) The method of claim 173 further including sampling address 

- 1 

n2 information synchronously witli respect to the external clock signal. 



Ml 175. (New) The method of claim 174 wherein the operation code and the address 

2 information are included in a request packet. 

1 176. (New) The method of claim 174 wherein the operation code and the address 

2 infonnation are sampled ^rom an external bus, wherein the external bus includes a 

3 plurality of signal lines p carry the address information and the operation code in a 

4 multiplexed fomnat. 
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177, 
of signal lines. 



le method of claim 176 wherein the data is outpi/tonto the plurality 



178. (New) The method of claim 173 further including: 

selecting a row of memory cell locations in acc9rdance with a first address 
portion; and 

sensing data, from the selected row of memor^ cell locations, in a row of sense 
amplifiers, wherein the plurality of sense amplifi/rs is included in the row of sense 
amplifiers. 

179. (New) The method of claim 178/further including identifying the plurality of 
sense amplifiers based on a second address portion. 

180. (New) The method of claim 173 further including generating an internal 
clock signal using a delay locked Iqop, wherein the data is output in response to the 
internal clock signal. 

181 . (New) The method/of claim 173 wherein a first portion of the data is output 
synchronously with respect to a rising edge transition of the external clock signal, and a 
second portion of the data iis output synchronously with respect to a falling edge 
transition of the external clock signal. 
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182^jtNaw)-AnTfeffibd of controlling a synchronous memory de^ce, wherein the 

2 memory device includes a plurality of sense amplifiers coupled to / memory cell array, 

3 wherein the method of controlling the memory device comprises: > 

4 providing a first operation code to the memory device, /herein the first operation 

5 code indicates that the memory device: 

6 output data read from the memory cell arra^; and 

7 precharge sense amplifiers used in reading the data from the memory cell 

8 array, wherein the sense amplifiers used in reading the data are precharged 
1^ automatically after the data is read from the memory cell array; and 

Q / 

ffl) receiving the data from the memory ^evice, the memory device outputting the 

ffli data in response to the first operation code. 




- 1 183. (New) The method of claim /1 82 wherein the first operation code is included 

ry2 in a request packet. 

ry 

2i 184. (New) The method of claim 182 further including providing a second 



2 operation code to the memory device, wherein the second operation code instructs the 

3 memory device to: 

4 input data to be written to the memory cell array; 

5 write the input data to the memory cell array using sense amplifiers of the 

6 plurality of sense amplifiers; and 

7 precharge the sense /amplifiers used in writing the input data to the memory cell 

8 array, wherein the sense amplifiers are precharged automatically after the input data is 

9 written to the memory cell ^rray. 
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185. |N©vv)--TlTemethocl of clairrPf§4 Turthennclucling: 
providing, to the memory device, a row address and a column address; and 
providing a third operation code to th/ memory device, wherein the third 
operation code instructs the memory device to/ 

output data read from a specified location of the memory cell array, 
wherein the specified location is Identified by the row address and the column 
address; and 

retaining, in at least a p6rtion of the plurality of sense amplifiers, the data 
read from the specified location of the memory cell an-ay. 



186. (New) The method of/claim 182 further including: 
providing, to the memory /device, a row address and a column address; and 
providing a second operation code to the memory device, wherein the second 

fy4 operation code includes a plurality of bits, wherein the plurality of bits, in combination, 
encodes information which/ indicates that the memory device sense data from a 
H6 specified location of the memory cell array using at least a portion of the plurality of 

3in the 



sense amplifiers, wherein 



8 column address. 



1 187. (New) The 

2 information to the 



3 synchronously with respei 



\e specified location is identified by the row address and the 



method of claim 182 further including providing address 
men]ory device, wherein the address information is provided 
to the external clock signal. 
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1 inn (Now) Th OLiTtethod oij ^iaifn^i'STwherein tb(e address inTormation aTTChthe--^ 

2 first operation code are issued to the memory device Via an external bus. 

1 189. (New) A synchronous memory device having a memory array which 

2 includes dynamic memory cells, wherein the memory device comprises: 

3 a plurality of sense amplifiers, couplep to the memory array, to sense data from 

4 the dynamic memory cells; and / 

5 a plurality of input receivers to ^ample an operation code synchronously with 

6 respect to a transition of an exterrial clock signal, the operation code including 
^ precharge information, wherein, in response to the precharge information, the plurality 
m of sense amplifiers are automaticafly precharged after the data is sensed; 

ft a plurality of output drivers to output first and second portions of the data in 

3 / 

Jo response to the operation cod& specifying a read operation; and 

^ / 

a delay locked loop, coupled to the plurality of output drivers, to synchronize the 

Me output of the first and second portions of the data with the external clock signal. 

s / 

1 190. (New) The memory device of claim 189 wherein: 

2 the plurality of output drivers output the first portion of the data synchronously 

3 with respect to a rising edge transition of the external clock signal; and 

4 the plurality of output drivers output the second portion of the data synchronously 

5 with respect to a falling edge transition of the external clock signal. 
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191. !-fK>e w) The me mnry r]i;f\f^c**--nh-ri5ifrr'iR^ a plurality of 
multiplexers, wherein each multiplexer of the plurality of rnultiplexers is coupled to an 
output driver of the plurality of output drivers. 

192. (New) The memory device of clau^i 191 wherein the plurality of 
multiplexers provide the first portion of the dataf to the plurality of output drivers in 
response to a rising transition of the external clock signal and the plurality of 
multiplexers provide the second portion of the data to the plurality of output drivers in 
response to a falling edge transition of the External clock signal 



^ 193. (New) The memory device of claim 189 wherein the plurality of input 

^ receivers further includes a first inpu/ receiver to sample a first bit of the operation code 
synchronously with respect to the/ transition of the external clock signal, wherein the 

H4 precharge infonmation is encodecT in the first bit of the operation code. 

fU / 

i I / 

q1 194. (New) The mernory device of claim 193 wherein the plurality of input 

2 receivers further includes a second input receiver to sample a second bit of the 

3 operation code synchronously with respect to the transition of the external clock signal, 

4 wherein an encoding o/ the second bit of the operation code specifies the read 

5 operation. 
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1 195. (New)-TtTgn7iemory device of claim 18^ wherein the delay locked loop 

2 includes: 

3 a delay line to generate an internal clocl0ignal, wherein the internal clock signal 

4 has a delay with respect to the external clock/signal; and 

5 a comparator to compare the interral clock signal with the external clock signal, 

6 wherein the delay of the internal cloclc signal is adjusted based on the comparison 

7 between the internal clock signal and/he external clock signal. 
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